Abstract This study was conducted to determine the effects of mixtures of liquid brewer's yeast (LBY) and cassava pulp (CVP) with rice straw (RS) on feed intake, digestibility, rumen fermentation, and growth of dairy heifers. Sixteen Holstein crossbred heifers (13.8 ± 1.6 months old, 210 ± 23 kg body weight (BW)) were randomly allocated to four feeding treatments with four replications, which were 0:0:100 (RS), 0:70:30 (0%LBY), 20:50:30 (20%LBY), and 50:20:30 (50%LBY), respectively, for LBY/CVP/RS on a fresh matter basis. The heifers were offered conventional concentrate at 1.5% initial body weight daily and fed the treatment diets ad libitum. Average daily gain and feed intake were not significantly different among the treatments. The heifers fed 50%LBY had the highest crude protein (CP) intake and DM, OM, and CP digestibility (P < 0.05). The ruminal pH did not differ significantly among treatments, while NH 3 -N was the highest (P < 0.05) in 50%LBY. Total volatile fatty acid (VFA) concentrations and the molar proportion of each VFA were not significantly different among the treatments. Blood urea nitrogen concentrations of 50%LBY were the highest among the treatments (P < 0.05). The results indicated that 50%LBY improved CP digestibility.
Introduction
Recently, cassava pulp (CVP), a cheap by-product of starch manufacturing, has gained increased interest for use as an energy source in cattle feed. It contains high levels of starch and cellulose at approximately 60 and 20% on a dry matter (DM) basis, respectively (Kosugi et al. 2009 ); however, the crude protein (CP) content, 1.4 to 2.5% DM, was relatively low (Chauynarong et al. 2015) . One strategy attempted by small dairy farms around brewery factories is the use of liquid brewer's yeast (LBY), containing 12% DM and 48.3% CP on a DM basis (Kamphayae et al. 2016b) , as a protein source by ensiling it with CVP for animal feed. However, the high moisture content of the mixture is a major factor influencing silage fermentation. To improve fermentation quality and reduce any effluent losses of high moisture silage, the addition of dry absorbent to the mixture of LBY and CVP might be necessary. Rice straw (RS) is the main crop residue, which farmers in Asian countries usually store as ruminant feed. Feeding rice straw alone does not provide enough nutrients for high production levels (Sarnklong et al. 2010) , due to its low nutritive value (Peripolli et al. 2016) . To improve the productivity of ruminant animals, making total mixed ration (TMR) silage, by mixing RS with LBY and CVP, can be developed in areas where starch-and beer-manufacturing factories are located. The addition of LBY to CVP and RS can improve the chemical composition of the TMR mixture, with 50%LBY providing the highest CP content. From the perspective of fermentation quality, the mixtures can be fed to animals during 8 weeks of storage (Kamphayae et al. 2016a) . Providing dairy heifers with high quality roughage produces high daily gain, which contributes to their early starts of heat, mating, and milk production. The objective of this study was to evaluate the quality of diet on feed intake, digestibility, rumen fermentation, and growth of dairy heifers.
Materials and methods
Feed preparation, animals, and experimental design
The experiment was conducted at the Khon Kaen Animal Nutrition Research and Development Center over 10 weeks from June to September 2014. The first 2 weeks consisted of a preliminary period, and the remaining 8 weeks was the main period for experimentation. Sixteen Holstein crossbred heifers (13.8 ± 1.6 months old, 210 ± 23 kg body weight (BW)) were randomly allocated to four feeding treatments with four replications. Ratios of LBY, CVP, and RS in each test feed were 0:0:100 (RS), 0:70:30 (0%LBY), 20:50:30 (20%LBY), and 50:20:30 (50%LBY) on a fresh matter basis. The mixtures were mixed well by a feed-mixing machine and packed into bag silos (400 kg) 2 to 4 weeks before feeding. All heifers were individually housed in pens and fed the diets. The test feeds were fed ad libitum, allowing for 10% refusal of feeding amount. The heifers were offered conventional concentrate (CC) at 1.5% initial BW in two equal portions at 0730 and 1630 hours. The CC (g/kg) consisted of 451 cassava chip, 140 rice bran, 130 soybean meal, 120 ground corn meal, 120 oil palm kernel cake, 20 urea, 5 salt, 1 sulfur, 8 dicalcium phosphate, and 5 mineral premix, for which total digestible nutrient (TDN) and CP contents were 75.3 and 18.2%, respectively, on a DM basis. The heifers had ad libitum access to water and mineral block throughout the experiment.
Data collection, sampling procedures, and chemical analyses
The samples of test feed mixtures were taken when the bag silos were opened. A 50-g sample was homogenized with 100 mL of distilled water and stored overnight in a refrigerator at 4°C. The homogenate was then filtered through a Whatman No. 5 filter paper for pH, ammonia nitrogen (NH 3 -N), lactic acid (LA), and volatile fatty acid (VFA) determination. The pH was measured by a pH meter Horiba, Kyoto, Japan) , and the NH 3 -N content was determined using a steam distillation technique (Society of Utilization of Self Supplied Feeds 2009). Lactic acid and VFA concentrations were determined by high-performance liquid chromatography (HPLC) (LC-20A; Shimadzu, Kyoto, Japan) using a Nova-Pak C18 steel column of 3.9 × 300 mm, the flow rate was 0.5 mL/ min, and the wavelength of the UV detector was 210 nm.
Feed intake was measured by the amount of feed supplied and refused daily. The BW of heifers was measured every 2 weeks during the experiment, with diets and refusals also sampled. Fecal samples were collected by grab sampling during the last 5 days for analysis of acid-insoluble ash (AIA). The AIA was used to estimate the digestibility of nutrients (Van Keulen and Young 1977) .
The samples of CC, test feeds, feed refusals, and feces were oven-dried at 60°C for 48 h. The dried samples were ground to pass through a 1-mm screen for subsequent analyses of DM, CP, ether extract (EE), and crude ash (CA), according to AOAC (2000) . The organic matter (OM) was calculated as lost weight through ashing. Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were determined by the procedure of Van Soest et al. (1991) . TDN content was estimated using the following equation: TDN = (OM content × OM digestibility) + (EE content × EE digestibility) (Society of Utilization of Self Supplied Feeds 2009).
At the end of the experiment, rumen fluid and blood samples were collected at 0 and 4 h post feeding. Approximately 200 mL of rumen fluid was taken from the middle part of the rumen using a stomach tube connected to a vacuum pump at the sampling time. Each sample was measured immediately for pH using a pH meter (D-22; Horiba, Kyoto, Japan) and then filtered through four layers of cheesecloth. After adding 5 mL of 6 N HCl solution to 50 mL of the filtered rumen fluid, the mixture was centrifuged at 3000×g for 10 min. A supernatant was then used for NH 3 -N and VFA analyses. The NH 3 -N contents were measured by Kjeldahl methods (AOAC 2000) , and VFA contents were determined by HPLC (LC-20A; Shimadzu, Kyoto, Japan) using a Nova-Pak C18 steel column of 3.9 × 300 mm, the flow rate was 1 mL/min, and the wavelength of the UV detector was 210 nm. Approximately 10 mL of the blood was sampled from the jugular vein using EDTA-containing tubes, with plasma separated by centrifugation at 500×g for 10 min.
The concentrations of blood urea nitrogen (BUN), glucose, and total cholesterol were determined using a Reflotron test strip (Roche Reflotron). Total protein concentrations were determined by a refractometer (PUR, Japan). All procedures were approved by the Ethical Principles for the Use of Animals for Scientific Purposes of the National Research Council of Thailand.
Statistical analysis
The data were analyzed by the GLM procedure of SAS (1996) using the following mathematical models:
where Y ij is the observation, μ is the overall means, M i is the effect of treatment, and ε ij is the residual error. Duncan's new multiple-range test was used to detect the differences between means (Steel and Torrie 1980) .
Results

Chemical composition of experimental diets
Dry matter contents of CVP and LBY were 16.5 and 11.7%, respectively. The OM, CP, EE, NDF, ADF, and ADL contents of CVP used for the mixture were 96.9, 2.9, 0.3, 39.4, 29.3, and 4.2%, respectively, on a DM basis. The OM, CP, and EE contents in LBY were 91.3, 50.9, and 0.5%, respectively, on a DM basis. Fibers, i.e., NDF, ADF, and ADL, were not detected in LBY. Table 1 shows the chemical composition of the experimental diets and fermentation characteristics of the mixtures. The DM content of the mixtures ranged from 35.3 to 40.3%. The DM, OM, NDF, ADF, and ADL contents in the mixtures were decreased linearly with the proportion of LBY in the mixtures contrasting with the increase of CP and EE contents. The pH value, NH 3 -N/TN content, and LA content of the mixtures ranged from 3.6 to 3.9, from 3.0 to 4.8%, and from 2.4 to 2.7%, respectively, on a fresh matter basis. Butyric acid content was not detected as the level of 0.0% on a fresh matter basis.
Weight gain, voluntary feed intake, and digestibility
The weight gained, average daily gain (ADG), feed intake, and apparent digestibility are presented in Table 2 . The 56-day weight gained and ADG were not significantly different among treatments. For the intake of dietary treatment in this study, the test feed mixtures, conventional concentrate, and total DM intake did not significantly differ, while 50%LBY had the highest CP intake compared to other treatments. RS had the highest intake of NDF and ADF (P < 0.05).
DM, OM, and CP digestibility ranged from 64.9 to 71.2, from 67.9 to 73.6, and from 58.3 to 76.1%, respectively. 50%LBY had the highest values among treatments (P < 0.05). NDF digestibility ranged from 57.6 to 63.5%, and the digestibility of 50%LBY was higher than that of 0%LBYand 20%LBY (P < 0.05). The TDN of the diet ranged from 61.9 to 68.6%, which did not differ significantly among treatments.
Ruminal condition
The parameters of ruminal condition are presented in Table 3 .
Ruminal pH values did not significantly differ among treatments, while NH 3 -N in 50%LBY was higher than that in other treatments 4 h after feeding (P < 0.05). Although total VFA concentrations and molar portions of VFA were not significantly different, C 2 /C 3 ratio of 50%LBY was higher than that of 0%LBY and 20%LBY 4 h after feeding (P < 0.05). 
Blood metabolites
The concentrations of BUN, glucose, total cholesterol, and total protein in plasma samples are presented in Table 4 . The BUN concentrations, at 0 and 4 h after feeding, ranged from 9.1 to 13.2 and from 10.3 to 15.4 mg/dL, respectively, where 50%LBY provided the highest levels at both 0 and 4 h after feeding (P < 0.05). Blood glucose, blood cholesterol, and total protein concentrations did not differ significantly among dietary treatments, either at 0 or 4 h after feeding.
Discussion Xu et al. (2007) indicated that ensiling wet by-products containing high moisture with dry feeds as a TMR is a suitable method to minimize the risk of effluent. In this study, effluent from silos and damage from mold were not observed visually in any of the bag silos. The CP content of the mixture increased, while the fiber content decreased in proportion to LBY inclusion. The increase of CP content might have been influenced by the increasing of soluble protein fraction and increasing of moisture content of the mixture caused by LBY inclusion. Steckley et al. (1979) reported that nitrogen solubility in brewer's yeast slurry was 40% in total nitrogen and quadratically increased during 35 days of anaerobic preservation at 30°C. Higher moisture in silage material, however, resulted in an increase of NH 3 -N content when fermentation was prolonged (Mahanna and Chase 2003) . As for fermentation quality, the mixture of 0%LBY, 20%LBY, and 50%LBY was judged good (pH < 4.2) and excellent (NH 3 -N/TN < 12.5%) according to the classification by McDonald and Whittenbury (1973) . Butyric acid concentration was not detected, as shown in Table 1 . Fermentation quality was likely to sustain the feed intake of the mixture.
Therefore, 50%LBY had the highest CP intake compared to other treatments. Similar with the study by Moallem et al. (2011) who reported that the intake of high dietary crude protein diet was higher than low and moderate crude protein diet in dairy heifers, while RS had the highest intake of NDF and ADF (P < 0.05). This might be resulted by its chemical composition of feed. The rumen NH 3 -N concentration is a limiting factor for rumen microorganisms and affects the digestion of feed (Perdock 1987) . Mutsvangwa et al. (2016) reported that ruminal NH 3 -N concentration tended to be greater in cows fed the high-CP diet compared with the low-CP diet. The minimal level of NH 3 -N in rumen is 3 mg/dL to allow proper microbial protein synthesis. Ruminal NH 3 -N content higher than 5 to 10 mg/dL increases ammonia absorption from the rumen wall and results in a loss of nitrogen (Matsumoto 2004 ). This study found that ruminal NH 3 -N concentration before feeding of RS and 0%LBY was less than 3 mg/dL. However, after 4 h of feeding, all dietary treatments except for 0%LBY had ruminal NH 3 -N concentrations higher than 3 mg/dL, with the highest level observed in 50%LBY at 5.8 mg/dL.
The concentration of BUN was determined to investigate the relationship between ruminal NH 3 -N and protein utilization (Khampa et al. 2010; Mapato et al. 2010) . The concentration of BUN at 0 and 4 h after feeding was highest in 50%LBY. This study revealed that the concentration of BUN was highly correlated with CP intake and digestibility, reflecting the level of NH 3 -N production in the rumen. Huntington et al. (2001) indicated that the amount and degradability of dietary protein affect urea metabolism, as evidenced by changes in the concentrations of plasma urea nitrogen. Hassan and Saeed (2012) found that BUN concentration was significantly increased due to an increasing level of dietary protein. However, the increased CP intake and digestibility did not improve the daily gain of heifers in the present study. Blood glucose, blood cholesterol, and total protein concentrations did not differ significantly among dietary treatments, either at 0 or 4 h after feeding.
The addition of LBY to CVP and RS can increase CP and decrease fiber content in proportion to LBY inclusion, without decreasing fermentation quality. Therefore, the inclusion of LBY up to 50% can improve CP digestibility, while the daily gain of each treatment is similar. The present results suggested that the effect of decreasing of RS and increasing of nonstructural carbohydrate in the mixture should be investigated in further studies for ruminant feeding trial.
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